Both conscious and unconscious memory mechanisms contribute to the rewarding effects of nicotine and other drugs of abuse. In this issue of Neuron, Tang and Dani use in vivo measures of synaptic plasticity in freely moving mice to link nicotine-induced dopamine release in hippocampus to LTP induction and behavioral reinforcement.
To experience the song of the Sirens without falling victim to their attractions, Odysseus tied himself to the mast of his ship and plugged the ears of his crewmen with beeswax ( Figure 1 ). The Sirens' song promised him wisdom and knowledge of the past and future-but pursuit held certain peril for his ship. The strategy worked, and he survived to pursue other challenges (Homer, 1998 edition) . There are obvious parallels between the influence of the Sirens' songs and the attractions of addictive drugs, both of which can have perilous effects. Devising effective protection from those dangers is an ongoing challenge for drug-abuse researchers and society as a whole.
Tobacco is among the most widely used addictive substances, and we know that nicotine is its most important neuroactive constituent. Like other addictive drugs, nicotine has profound effects upon the midbrain dopamine system, increasing excitability and strengthening the synaptic strength in several different brain areas (Kauer and Malenka, 2007; Mansvelder and McGehee, 2002) . Enhanced dopamine output is a hallmark of many addictive drugs (Di Chiara and Imperato, 1988) , but rather than encoding reward directly, emerging evidence suggests that the dopamine signals contribute to associative learning in response to behaviorally important cues (Schultz, 2007) . A major challenge in the field is the identification of the cellular and circuit-level consequences of dopamine release and relating those consequences to animal behavior. In this issue of Neuron, Tang and Dani (2009) use in vivo recordings from freely moving mice to demonstrate that nicotine-induced dopamine signaling in hippocampus is necessary for LTP of the inputs from entorhinal cortex to the dentate gyrus. Potentiation of this input persisted for at least 5 hr after nicotine exposure, consistent with the activation of memory mechanisms in a region of the hippocampus that has been implicated in associative memory formation. In parallel behavioral tests, they confirm that the reinforcing effects of nicotine, as measured by conditioned place preference, are also dependent upon dopamine transmission.
Although there is strong support from this group and others for a contribution of nicotinic receptors within the hippocampus in synaptic plasticity (Fujii et al., 1999; Ji et al., 2001; Kenney and Gould, 2008) , the studies reported here support the idea that nicotine-induced dopamine release is critical for LTP in the dentate gyrus. Using focal drug infusions, they demonstrate that introducing nicotine into the hippocampus is not sufficient to induce LTP. In addition, either inactivation of the midbrain dopamine nucleus with TTX or blockade of D1 dopamine receptors interferes with systemic nicotineinduced LTP. They also show modulation of these effects by D2 receptors, the inhibitory autoreceptors for dopamine. Activation of D2 suppresses LTP induction by nicotine, while inhibition of these inhibitory dopamine receptors increases nicotineinduced LTP. Dopamine is apparently permissive for the induction of plasticity here, providing a ''label'' that the experience is novel, important, and linked to nicotine exposure.
Though technically difficult, the use of freely moving mice is a major strength of the study, as investigating addiction requires assessment of drug effects in the context of the relevant behaviors. When a colleague of mine recently described exciting new findings on cellular and synaptic effects of nicotine to a senior investigator, the immediate response was, ''Why didn't you do the experiments in vivo''? Clearly, the relevance of mechanistic investigations requires demonstration that the phenomena observed in reduced preparations contribute to the relevant behaviors-a major challenge for ongoing investigations of the cellular mechanisms of drug abuse. The study by Tang and Dani (2009) represents an important contribution to this effort.
The results presented in this study demonstrate a typical ''inverted U'' doseeffect relationship for nicotine, where the effects on LTP and behavior first increase with dose and then decline at higher concentrations, as seen with many other behavioral and cellular investigations (Picciotto, 2003) . One aspect of this phenomenon certainly relates to the fact that nicotinic receptors are initially activated by nicotine and then rapidly undergo desensitization, particularly at high agonist concentrations. Exploring the relative importance of activation and desensitization to the behavioral effects of nicotine represents both opportunity and peril for investigators, depending upon your perspective (Mansvelder and McGehee, 2002; Quick and Lester, 2002 ). In the current study, blockade of nicotine-induced LTP is seen with systemic administration of mecamylamine, a nonselective nicotinic receptor antagonist. These data, along with previous behavioral studies demonstrate that nicotinic receptor activation is a necessary step for most nicotine-associated changes (Lundahl et al., 2000; Shoaib et al., 1997) . Another important aspect of nicotine's concentration dependence is the induction of both appetitive and aversive behavior across the spectrum of concentrations. Thus, the field is also challenged to ultimately determine the relative contribution of receptor activation and desensitization to both appetitive and aversive behavioral effects (Quick and Lester, 2002) . The study by Tang and Dani (2009) emphasizes that mechanisms must be related to neuronal excitability in specific brain areas and circuits.
There is considerable support for the idea that nicotine and other drugs of abuse enhance learning and memory, which has lead several groups to focus upon the hippocampus as an important site of action for the drug. Both conscious and unconscious memories contribute to the development and maintenance of drug dependence (Kauer and Malenka, 2007; Kelley, 2004) . Positive associations of drug cues with feelings or experiences and negative associations with the aversive consequences of drug withdrawal combine to create powerful motivation for continued drug use (Dani and Montague, 2007) .
Identifying those aspects of the Sirens' song of nicotine that induce conscious and unconscious memory traces is one important step toward identifying effective strategies to interfere with the process and limit the perilous consequences.
